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Abstract
Turkey is heavily dependent on expensive imported energy resources (oil, 
gas and coal) that place a big burden on the economy. Air pollution is also 
becoming a great environmental concern in the country. In this regard, 
renewable energy resources appear to be one of the most efficient and 
effective solutions for clean and sustainable energy development in Turkey. 
Turkey’s renewable sources are the second largest source for energy 
production after coal. About two-thirds of the renewable energy produced is 
obtained from bioenergy, which is used to meet a variety of energy needs, 
including generating electricity, heating homes, fueling vehicles and providing 
process heat for industrial facilities. The amount of usable bioenergy potential 
of Turkey is approximately 17 Mtoe. This article not only presents a review of 
the potential and utilization of the bioenergy in Turkey but also provides some 
guidelines for policy makers.
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21. Introduction
The Republic of Turkey, located in Southeastern Europe and Southwestern 
Asia (that portion of Turkey west of the Bosporus is geographically part of 
Europe), has an area of about 780,580 sq km and a population of over 70 
million (CIA, 2007). With its young population, growing energy demand per 
person, fast growing urbanization and economic development; Turkey has 
been one of the fast growing power markets of the world for the last two 
decades. Turkey is an energy importing country; more than half of the energy 
requirement has been supplied by imports.
The energy sources can be split into three categories: fossil fuels, renewable 
sources, and nuclear sources. In this paper, the focus will be on renewable 
sources, specifically bioenergy, in Turkey. However, before getting into 
details of bioenergy use in Turkey, let me concentrate on the definition of 
“renewable source”. In this paper, an energy source is regarded as 
renewable if it has the following two distinctive qualifications:
 carbon neutral,
 derived from those natural, mechanical, thermal and growth processes 
that repeat themselves within our lifetime.
Based on this definition, examples of renewable energy sources include 
bioenergy, hydro, solar, wind and geothermal sources. 
Biomass combustion is carbon or carbon dioxide neutral compared to fossil 
fuel combustion because the biomass combustion is simply releasing the 
carbon or carbon dioxide that was sequestered by growing the biomass in 
3the beginning is certainly true1. It may be argued that such thinking 
completely ignores the fact that fossil fuel combustion is also carbon or 
carbon dioxide neutral for exactly the same reason; however, it should be 
noted that the obvious difference lies in the elapsed time between the 
sequestration from the atmosphere and the return of the carbon or carbon 
dioxide to the atmosphere2.
Biomass is the term used for all organic material originating from plants, trees 
and crops and is essentially the collection and storage of the sun's energy 
through photosynthesis. Biomass can be either obtained directly from plants 
or indirectly from industrial, domestic, agricultural and animal wastes. The 
examples of biomass energy sources include wood and wood wastes, 
agricultural crops and their waste byproducts, municipal solid waste, animal 
wastes, waste from food processing, and aquatic plants, algae, energy crops 
such as trees and sugarcane that can be grown specifically for conversion to 
energy. Biomass energy, or bioenergy, is the conversion of biomass into 
useful forms of energy such as heat, electricity and liquid fuels. Figure 1
shows the bioenergy flow (Akpinar et al., 2007).
4Figure 1. Bioenergy flow chart
Bioenergy, the energy from biomass, has been used for thousands of years, 
ever since people started burning wood to cook food or to keep warm. 
Biomass is used to meet a variety of energy needs, including generating 
electricity, heating homes, fueling vehicles and providing process heat for 
industrial facilities. Today, worldwide, biomass is in the fourth place as an 
energy source and provides about 14% of the world's energy needs (Dumanli
et al., 2007, p. 2064); it also accounts for about 38% of the primary energy 
consumption in developing countries and it often makes up more than 90% of 
the total rural energy-supplies in those countries. The average majority of 
biomass energy is produced from wood and wood wastes (64%), followed by 
municipal solid waste (24%), agricultural waste (5%) and landfill gases (5%)
(Demirbas et al., 2007). Table 1 presents renewable energy indicators in the 
world (Bilgen et al., 2007).
5[ Table 1 goes here ]
The rest of the study is organized as follows. Section 2 introduces the key
indicators of Turkish economy and her energy sector. Section 3 describes the 
current status of bioenergy in Turkey, while Section 4 deals with evaluation of 
bioenergy use in general. Then, some guidelines for policy makers are 
provided based on the findings of the study. Finally, Section 6 gathers the 
main conclusions derived from the paper.
2. Key indicators of Turkish economy and energy sector
Turkey's dynamic economy is a complex mix of modern industry and 
commerce along with a traditional agriculture sector that still accounts for 
more than 35% of employment. It has a strong and rapidly growing private 
sector, yet the state still plays a major role in basic industry, banking, 
transport, and communication. Real GNP (Gross National Product) growth 
has exceeded 6% in many years, but this strong expansion has been 
interrupted by sharp declines in output in 1994, 1999 and 2001 due to 
economic crisis. The economy is turning around with the implementation of 
economic reforms and 2004 GDP (Gross Domestic Product) growth reached 
9%, followed by roughly 5% annual growth from 2005-06. Inflation fell to 
7.7% in 2005, a 30-year low, but climbed back to 9.8% in 2006. Despite the 
strong economic gains from 2002-06, which were largely due to renewed 
investor interest in emerging markets, IMF backing, and tighter fiscal policy, 
the economy is still burdened by a high current account deficit and high debt. 
Prior to 2005, foreign direct investment (FDI) in Turkey averaged less than $1 
6billion annually, but further economic and judicial reforms and prospective EU 
membership3 are expected to boost FDI. Privatization sales are currently 
approaching $21 billion (CIA, 2007).
Turkey's population of more than 70 million is growing at an annual rate of 
1.04% and expected to grow to 83.4 million in 2022. In response to the 
growth rates of population and consumption, Turkey's total final energy 
consumption (TFC) grew at an average annual rate of 9.6% over the last 
three decades. This average annual growth rate of TFC is projected to 
decrease to 5.4% between 2005 and 2010 and 7% between 2010 and 2020 
(Evrendilek et al., 2003). Table 2 presents some important selected 
Indicators for Turkey as of 2004 (CIA, 2007).
[ Table 2 goes here ]
Turkey's primary energy sources include hydropower, geothermal, lignite, 
hard coal, oil, natural gas, wood, animal and plant wastes, solar and wind 
energy. In 2004, primary energy production and consumption has reached 
24.1 million tonnes (Mt) of oil equivalent (Mtoe) and 87.8 Mtoe, respectively. 
Table 3 shows the Turkey's energy balance table in 2004. Fossil fuels 
provided about 86.9% of the total energy consumption of the year 2004, with 
oil (31.5%) in first place, followed by coal (27.3%) and natural gas (22.8%). 
Turkey has not utilized nuclear energy yet4. The Turkish coal sector, which 
includes hard coal as well as lignite, accounts for nearly one half of the 
country's total primary energy production (%43.7). The renewables 
collectively provided 13.2% of the primary energy, mostly in the form of 
7combustible renewables and wastes (6.8%), hydropower (about 4.8%) and 
other renewable energy resources (approximately 1.6%) (IEA, 2007).
[ Table 3 goes here ]
As can be seen in Table 3, the general equilibrium of energy use and supply
indicators shows that Turkey is dependent on import resources very heavily. 
In 2004, 77.6% of the total energy supply was met by imports, and the rest 
was domestically produced.
Turkey’s total electricity production and installed capacity were 162.5 GWh 
and 38.8 MW, respectively, in 2005 (Erdogdu, 2007a). The distribution of the 
produced electricity energy according to primary energy sources was as 
follows: natural gas 44.74%, hydropower 25.11%, coal 25.05%, oil 4.92%,
biomass 0.09%, geothermal 0.06% and wind 0.04% (Kone et al., 2007).
Table 4 reflects the increasing reliance on natural gas5 in the power sector. 
The share of natural gas power plants in installed capacity was about 37% in 
2005. Likewise, natural gas had the largest share in gross electricity output in 
2005.
[ Table 4 goes here ]
83. Current status of bioenergy in Turkey
3.1. Bioenergy potential in Turkey
Turkey has a considerably high level of renewable energy resources that can 
be a part of the total energy network of the country. Turkey’s renewable 
sources are the second largest source for energy production after coal. About 
two-thirds of the renewable energy produced is obtained from biomass.
Various agricultural residues such as grain dust, wheat straw and hazelnut 
shell are available in Turkey as the sources of biomass energy. The annual 
biomass potential of Turkey is approximately 32 million tonnes oil equivalents 
(Mtoe). The total recoverable bioenergy potential is estimated to be about 
17.2 Mtoe6 (Balat et al., 2005). Turkey’s present and planned biomass 
energy production is presented in Table 5 (Yuksel et al., 2007).
[ Table 5 goes here ]
The importance of agriculture is increasing due to biomass energy being one 
of the major resources in Turkey. Table 6 shows the production of crop, fruit 
and fruit tree residues and the total amount of animal wastes available for 
production of bioenergy in Turkey (Ozturk and Bascetincelik, 2006).
[ Table 6 goes here ]
In Turkey, almost all biomass energy is consumed in the household sector for 
heating, cleaning, and cooking needs of rural people. In their homes, Turkish 
9people burn wood in stoves and fireplaces to cook meals and warm their 
residences. Wood is the primary heating fuel in 6.5 million homes in Turkey.
The lumber, pulp and paper industries burn their own wood wastes in large 
furnaces and boilers to supply 60% of the energy needed to run factories. 
The use of animal wastes as biofuel is limited because they are mostly used 
in agriculture as fertilizers. The only waste power plant, built in 1991, of the 
country is in Adana (Akpinar et al., 2007).
3.2. Current Turkish legislation on bioenergy
Existing Turkish law and regulation with relevance to the use of renewable 
energy sources is limited to two pieces of legislation. One piece of legislation 
is the Electricity Market Licensing Regulation, and the second is the Law on 
Utilization of Renewable Energy Resources for the Purpose of Generating 
Electrical Energy (Law Number 5346, dated May 10, 2005). As indicated by 
the titles, this legislation has been developed for the electricity sector. In both 
regulations, biomass is included in the definition of renewable energy 
resource. There is no legislation currently existing for biomass alone.
In Turkey, market based policies for renewables started in 1984 with third-
party financing, excise and sales tax exemptions. Capital grants were offered 
in 2001. The Turkish government's approach to the deployment of 
renewables reveals its priorities to develop indigenous and renewable 
resources in conjunction with the expansion of privately owned and operated 
power generation from renewable sources. The build-own-transfer (BOT) and 
the build-own-operate (BOO) schemes were put in place in 1984 and 
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financed major power projects (not limited to renewables) with the main 
objective of attracting private investors. BOT projects were granted a treasury 
guarantee. Although BOT and BOO approaches attracted significant 
investment, they also created large public obligations with the government 
covering the market risk through take-or-pay contracts. The BOT and BOO 
financing schemes ended in 2000 and were replaced in 2001 by financial 
incentives within the framework of the Electricity Market Law (Law Number 
4628)7.
According to the Electricity Market Licensing Regulation, promotion of 
renewable energy sources in the electricity market has been assigned to the 
Energy Market Regulatory Authority (EMRA). Specifically, the Regulation 
states that the issues assigned to the Energy Market Regulatory Authority 
are “With regard to the environmental effects of the electricity generation 
operations, to take necessary measures for encouraging the utilization of
renewable and domestic energy resources and to initiate actions with 
relevant agencies for provision and implementation of incentives in this field”. 
In this context, there are some incentives and regulations related to 
renewable energy sources. The incentives brought into existence based on 
the Electricity Market Licensing Regulation are given below:
o Entities applying for licenses for construction of facilities based on 
domestic natural resources and renewable energy resources shall pay
only 1% of the total licensing fee.
o The generation facilities based on renewable energy resources shall 
not pay annual license fees for the first 8 years following the facility
completion date indicated on their respective licenses.
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o Turkish Electricity Transmission Company (TEIAS) and/or distribution 
companies shall assign priority for system connection of generation
facilities based on domestic natural resources and renewable 
resources.
The aim of the Law on Utilization of Renewable Energy Resources for the 
Purpose of Generating Electrical Energy is to increase the use of renewable 
energy sources for generating electrical energy, as well as to diversify energy 
resources, reduce greenhouse gas emissions, assess waste products, 
protect the environment, and develop the necessary manufacturing sector for 
realizing these objectives. The biomass definition given in this law reads:
“Biomass: The fuels in solid, liquid or gaseous phase obtained from organic 
wastes and from the agricultural and forestry products including the waste 
products of agricultural harvesting and oil extraction from plants as well as 
from the by products formed after their processing”. Specific incentives 
introduced in the law that are applicable to the use of biomass include:
o Obligation to purchase electricity from renewable energy sources: 
Each legal entity possessing a retail sale license shall be required to 
purchase renewable energy source-certified (RES-certified) electricity 
in an amount declared by EMRA.
o Purchasing of electricity from renewable energy sources with a higher 
price: Until the end of 2011, the applicable price for the electricity to be 
purchased in pursuance with the law within each calendar year shall 
be the Turkish average wholesale electricity price in the previous year 
determined by EMRA. The Council of Ministers is entitled to raise this 
price up to 20% at the beginning of each year. 
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o Acquisition of land: In the case of utilization of property which is under 
the possession of Forestry or Treasury or under the sovereignty of the 
State for the purpose of generating electricity from the renewable 
energy resources included in the law, these territories are permitted on 
the basis of its sale price, rented, given right of access, or usage 
permission by the Ministry of Environment and Forestry or the Ministry 
of Finance. A 50% deduction shall be implemented for permission, 
rent, right of access, and usage permission in the investment period.
3.3. International aspect
Since the 1970s, rising concern for global environmental degradation have 
led to wide acceptance of sustainable development concept. Following its 
initial popularization, the concept of the sustainability has appeared in a wide 
range of forms in recent literature. Although different authors have given it a 
variety of meanings, sustainable development is best defined as meeting the 
needs of the present generation without compromising the ability of future 
generations to meet their own needs (WCED, 1987). In this context, 
sustainability is used to characterize the desired balance between economic 
growth and environmental preservation.
The Kyoto Protocol to the United Nations Framework Convention on Climate 
Change, agreed to in December 1997, marks an important turning point in 
efforts to promote the use of renewable energy worldwide. Since the original 
Framework Convention was signed at the Earth Summit in Rio de Janeiro in 
1992, evidences of climate change have spurred many countries to increase 
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their support of renewable energy. Even more ambitious efforts to promote 
renewables can be expected as a result of the Kyoto pact, which includes 
legally binding emissions limits for industrial countries, and for the first time, 
specially identifies promotion of renewable energy as a key-strategy for 
reducing greenhouse gas emissions.
In October 2005, European Union (EU) opened accession negotiations with 
Turkey, who has been an associate member of the EU since 1963 and an 
official candidate since 1999. There are many policies, directives, standards 
and norms in the EU designed to stimulate and support the biofuels industry. 
The Renewable Fuels Directive defines targets for 2% of petrol and diesel for 
transport by the end of 2005 and 5.75% by the end of 2010 (Directive, 
2003/30/EC). To support the biofuels industry, the Energy Taxation Directive 
allows exemptions or reductions from energy taxation for biofuels (Directive, 
2003/96/EC). The recently released Biomass Action Plan (BAP) outlines 
more than 20 actions to stimulate the development and diffusion of bioenergy 
in Europe. Many of the actions in the BAP are focused on meeting the targets 
in the Renewable Fuels Directive. Finally, there are a range of fuel standards
and emission norms in the EU for petrol, diesel, bioethanol and biodiesel.
Currently, Turkey is not required to comply with the EU norms but in the near 
future she will be obliged to do so in the course of accession negotiations8.
3.4. Barriers to bioenergy exploitation in Turkey
The barriers holding back biomass exploitation in Turkey can be divided into 
two main groups: (1) barriers in the institutional, legal, and administrative
14
framework and (2) real and perceived risks and other inherent difficulties 
associated with promoting biomass energy (Kaya et al., 2007).
3.4.1. Barriers in the institutional, legal, and administrative framework
The most important barriers in the institutional, legal, and administrative 
framework for the exploitation of biomass in Turkey are summarized below:
o establishment of a responsibilities structure and organization at the 
institutional level, which requires a higher level of coordination and 
cooperation within and between institutions, agencies, institutes, and 
other stakeholders,
o insufficient available information about existing and possible future 
costs of biomass utilization,
o insufficient detailed biomass energy resource assessments and data 
banks pertaining to Turkey,
o insufficient credit facilities, particularly for small-scale projects,
o administrative and time-consuming obstacles for foreign investors,
o need for support for infrastructure and management know-how at a 
local level,
o insufficient participation by the private sector,
o need for staff with sufficient technical information,
o difficulties possibly encountered in planning, project feasibility, and 
project control activities,
o insufficient policy and market instruments (including available 
subsidies) in the environmental, agricultural, and energy sectors,
o need for public acceptance and willingness.
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3.4.2. Real and perceived risks and other inherent difficulties
In contrast to fossil fuels, biomass fuels are characterized by their low 
density, and sources of biomass are small, dispersed, disparate, and 
seasonal. Biomass fuels may be collected from, for example, individual farms 
covering a wide geographic area. Sources are very small in comparison to 
fossil fuel extraction industries, with the possible exception of the largest pulp 
and paper or wood processing units. These issues all contribute to potentially 
raised fuel costs - via logistics, contracting, transport, fuel preparation,
storage, etc.
A unique aspect of many agricultural waste materials is their seasonality. The 
seasonality of agriculture is seen to be a key risk, for both establishing viable
fuel supply businesses and for maintaining year-round fuel supplies for 
potential energy plants.
The high capital cost of agricultural waste or biomass power plants is a major
disincentive to investors. Further, the upper size limit of biomass plants is 
lower than fossil fuel-fired plants, because long-distance transport of low-
density biomass fuels is generally not considered feasible (for financial and 
environmental reasons). There are limited opportunities to achieve 
economies of scale with bio-energy. Thus, to achieve favorable power and 
heat generation costs, technology with high fuel conversion efficiency is
selected. 
16
While improved technology may be able to battle some of the elevated
investment costs of bio-energy, technology risks remain. Some relevant 
technology is proven, however a lot of technology remains in research, 
development, and demonstration phases. This technology risk is considered 
unacceptable to most investors.
A further important consideration is that the core business for the wood or 
agro-industry plant owners and managers is not energy-based. If a capital 
sum is available for investment, improvements to their core business are 
likely to take precedence over any potential energy-related business 
expansion.
4. Evaluation of bioenergy use
4.1. Benefits of bioenergy use
4.1.1. Lower emissions to the environment
Bioenergy appears to have formidably positive environmental properties, 
resulting in no net releases of carbon dioxide and very-low sulfur content.
The most important gain of bioenergy utilization is the environmental benefit 
of displacing fossil fuel usage and a reduction in any adverse environmental 
impacts that are caused by fossil fuel consumption.
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4.1.2. Economic development and growth in the agricultural sector
Bioenergy can contribute to the generation of new jobs especially in rural and 
farming communities, which in turn may result in an improvement of income 
distribution. Bioenergy has the potential to provide millions of households 
with incomes, livelihood activities and employment. A number of studies have 
now concluded that the development of bioenergy systems is a generator of 
jobs.
In Turkey, there are also substantial areas of abandoned agricultural land 
that are not managed and are becoming overgrown. Creating demand for 
biomass fuel would help to bring these areas back into economic exploitation. 
Furthermore, development of new dedicated energy crops and/or an energy 
market for residues from existing crops would help farm income and reduce 
the rate of land abandonment (Bilen et al., 2007).
Furthermore, provided that fossil fuel prices increase in the future, bioenergy
appears to have significant economic potential.
4.1.3. Contribution to security of supply and sustainability
Sustainable energy can be developed by laying more emphasis on domestic 
resources in the energy mix. In recent years, Turkey has begun to ignore the 
importance of energy usage based mainly on domestic sources. Today, 
about 78% of the Turkey’s energy consumption is met by imports. The 
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reliance on import resources—particularly on natural gas—to such an extent 
threatens the essentials of the sustainable development model seriously.
Not only bioenergy contributes to Turkey’s energy diversification strategy but 
also substitution of current energy imports, mainly gasoline and diesel, with 
bioenergy is important for economic and national security reasons.
The abundant fossil fuels, such as coal, are often damaging to the 
environment throughout the fuel cycle, from mining to processing to 
consumption. Fossil fuels also carry the threat of global climate modification 
through increased discharge of carbon dioxide, particulates and other 
materials. Nuclear energy, while imposing no threat of climate modification, is 
associated with serious problems, such as waste disposal, accidents and 
weapons proliferation. We must also recognize that all fossil fuels and 
nuclear energy from fission are ultimately exhaustible. The substitution of 
fossil fuels and their derivatives by biomass and biofuels helps to conserve 
depletable fossil fuels. Bioenergy may replace petroleum fuels. Biofuels 
(mainly bioethanol, hydrogen and biodiesel) are obtained from biomass and 
can be used as a substitute for transportation fuels and to generate heat, 
power and/or chemicals. Because biomass can be converted directly into a 
liquid fuel, it could someday supply much of our transportation fuel needs for 
cars, trucks, buses, airplanes and trains.
In addition, the use of a fossil fuel and biomass together in certain 
applications, such as electric power generation with coal and wood, can 
result in reduction of undesirable emissions.
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4.1.4. Development of competition in energy market
Bioenergy presents an opportunity to move towards more decentralized 
forms of electricity generation, where a plant is designed to meet the needs 
of local customers, avoiding transmission losses and increasing flexibility in 
system use; which in turn provides an opportunity to increase the diversity of 
power generation plants, and competition in electricity generation.
4.2. Drawbacks of bioenergy use
4.2.1. High cost of bioenergy production
Generally speaking, biofuel production cost is currently higher than that of the 
classic fuels; sometimes the critical factor is the raw material cost9.
Collecting, transporting and storing biomass is expensive. There are also 
significant costs of marketing, distribution and service. At the moment, 
biofuels are about 2.3 times more expensive than fossil fuels. For bioethanol, 
this figure ranges between 2.6 and 2.8 as compared to petrol. However, cost 
comparisons are highly dependent on the fluctuations in the international 
market for crude oil and refined products and in biofuel feedstock. On the 
other hand, the continuous efforts for the increase in the raw material yields 
as well as the advances in production technologies may make this cost 
relationship more favorable for biofuels (Kondilia et al., 2007).
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4.2.2. Soil degradation and run-off
The large volumes of water required to produce biomass (much of which is 
often derived from aquifers that might not continue to yield water indefinitely)
constitute another point to consider. Also, water and soil nutrients are finite 
and may easily be degraded. Besides, the abundant use of fertilizers and 
manure for bioenergy production may result in considerable environmental 
problems in various regions: nitrification of groundwater, saturation of soils 
with phosphate and so on. In sum, there are numerous considerations that 
hint at the unsustainable nature of bioenergy.
In case of an increase in bioenergy utilization, the demand for agricultural 
land could increase; growing amounts of virgin rainforest could be cleared for 
farmland and greater soil degradation ensues. Furthermore, deforestation, 
especially of high conservation value (HCV) forests, could lead to a 
considerable loss of biodiversity and the extinction of an incalculable number 
of species, some as yet undiscovered. On a global scale, deforestation has 
generally been assumed to be a key factor in altered weather patterns, soil 
degradation and erosion.
4.2.3. Inefficiency in the production process
The most significant concern about bioenergy relates to inefficiency in its 
production process. For instance, bioenergy production, in the case of corn 
and wheat, rely on starch from the kernels of the plant or, in the case of 
sugar cane and sugar beet, on the sucrose produced (McCormick-Brennan
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et al., 2007). The remainder, at least for the purpose of fuel production, goes 
to waste. The same holds true for the seeds used to extract vegetable oil for 
biodiesel production. Thus, a large amount of energy is expended on 
cultivating, harvesting and processing the biomass, even though only a 
relatively small proportion is used to derive energy. The result is an   
arguably high level of inefficiency and a poor allocation of energy resources 
throughout.
Crops used for bioenergy production also have lower energy content than 
conventional petroleum products. Problematic, too, is that fossil fuels are 
generally required in the production of biofuels.
4.2.4. Technical concerns
It is important to understand that biofuels have a limited application. From a 
business perspective, current technology militates against these fuels. 
Biomass fuels cannot replace conventional fuels on a one-for-one basis in 
unmodified vehicles. This means that the demand for hydrocarbon-based 
fuels is unlikely to tail off to any significant degree in the immediate future.
4.2.5. Practical limitations
Systems capacity proves a practical limitation. A clear understanding is 
required to assess what impact an increasing use of bioenergy will have on 
the world's current fossil-fuel reliance. If the United States, along with 
Canada and the EU, were to replace only 10 per cent of their current 
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transport fuels with biofuels, it would require an investment of between 30-70 
per cent of their national crop areas, at least with current production and 
crop-yield levels. Furthermore, in order to replace just under 6 per cent of 
petrol and diesel, the EU would have to convert 19 per cent of its arable land 
from food crops to fuel crops (Von Lampe, 2005). Even the EU's modest 
target of 20 per cent reliance on alternative fuels (including biofuels) by 2020 
would consume the majority of its cropland.
5. Guidelines for policy makers
The overall objective of energy-related policies should be ensuring sufficient, 
reliable and affordable energy supplies to support economic and social 
development, while protecting the environment. Therefore, when choosing 
energy fuels, it is essential to take into account economic, social and 
environmental consequences. In the past, environmental impacts of energy 
resources were ignored or not foreseen, while energy policies focused on 
adequate supply of energy to assure high rates of economic growth. Today, 
besides the economic issues, particular importance should be assigned to 
environmental factors associated with the choice of energy sources.
In Turkish case, as fossil fuel energy becomes scarcer, Turkey will face 
energy shortages, significantly increasing energy prices, and energy 
insecurity within the next few decades. In addition, Turkey's continued 
reliance on fossil fuel consumption will contribute to accelerating the rates of 
domestic environmental quality and global warming. For these reasons, the 
development and use of renewable energy sources and technologies are 
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increasingly becoming vital for sustainable economic development of Turkey
(Bilen et al., 2007).
Potential policy instruments appropriate for Turkey concerning bioenergy 
utilization may include:
o A program to encourage alternative, beneficial uses of agricultural 
residues and wastes, in particular for biomass energy production.
o A rural development policy that considers renewable energy source 
exploitation in general, including agricultural waste exploitation and 
dedicated energy crops10, i.e. fast growing grasses and trees grown 
especially for energy production.
o Development and compliance of existing Turkish legislation on 
bioenergy with EC directives.
o Utilization of market instruments11 appropriate for Turkey that could 
include financial incentives, by means of direct grants and/or loans, 
which would support better use of agricultural by-products (including 
residues and wastes) in a manner that promotes environmental 
protection, renewable energy, and overall performance efficiency.
Existing legislation, in itself, is not expected to be sufficient to 
overcome the high investment cost, risk and lack of security 
associated with the entrance of renewable power plants into the 
electricity market.
o Exemption or reductions in the level of taxation to electricity, heat, 
and/or transport fuels produced with biomass sources.
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o Other financial support mechanisms such as soft loans, low-interest 
loans, credit guarantees, start-up subsidies and/or grants, and 
discounts for consumers willing to purchase bioenergy.
o A legislation establishing a target (e.g., 10%) for the penetration of 
renewable energy sources into the domestic energy consumption by a 
given year. It could also include a separate but integrated target for 
biomass alone.
o A legislation establishing a target for the penetration of biofuels into 
the gasoline and diesel transport fuel market by a given year, 
potentially with interim targets to ensure the country stays on track 
with the goal.
o Development of markets for bioenergy and bio-based products. It is 
not enough to support the development of renewable energy 
technologies. They must also support their commercial application in 
the country. Even with significant gains in the areas of research, 
development, and education, the biomass industry will not be 
successful without a market outlet to utilize the final product.
o A program to support the advancement in technology with regard to 
both the supply and demand sides of bioenergy12.
o Encouragement of co-generation of biomass with coal. This will 
reduce the emissions of those existing power generation systems and 
make a considerable contribution to greenhouse gas emission 
reductions.
o An effort to control the emissions from waste plants to the air while 
burning. Necessary controls should be taken over by the Ministry of 
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Environment for these emissions to be under standards foreseen by 
the European Union.
These recommended policy instruments are not only energy sector-specific,
but agricultural and environmental, as well. These three areas are 
interrelated and must be considered both individually and collectively.
6. Conclusion
Bioenergy provides a clean, renewable energy source that could dramatically 
improve our environment, economy and energy security. Biomass energy 
generates far less air emissions than fossil fuels, reduces the amount of 
waste sent to landfills and decreases our reliance on foreign oil. Biomass 
energy also creates thousands of jobs and helps revitalize rural communities.
Turkey is an energy-importing country. In order to be less dependent on 
other countries, Turkey needs to use its sustainable sources. From this point 
of view, bioenergy is a very attractive choice, since it is economical, 
sustainable, environmental friendly and a familiar energy source in Turkey. 
Furthermore, Turkey has several advantages for the use of bioenergy in 
terms of its climate. However, today, in Turkey, the domestic consumption of 
biofuels is lagging, mainly due to economic barriers, lack of legislative and 
regulatory framework and poor infrastructure.
While specific policies and regulations are recommended here, it is also 
important for efficiency and effectiveness that communication and 
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mechanisms for coordination/cooperation between ministries (i.e. energy, 
agricultural, and environmental) and other related institutions (e.g. EMRA) be 
improved. 
The private sector, which has the capacity to mobilize needed funds, must be 
motivated to participate in biomass and other renewable energy
development. The process of liberalization, restructuring, and privatization in 
the Turkish energy sector13 is also vital. It should be continued without any 
delays in the introduction of competition. This will assist in creating a 
favorable environment for investment in bioenergy.
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Footnotes
                                                
1 If biomass is utilized in a closed-loop process, the entire process, planting, harvesting, 
transportation, conversion to electricity via combustion then release into the atmosphere, can 
be considered as there is no net gain of carbon dioxide in the atmosphere.
2 Although fossil fuels have their origin in ancient biomass, they are not considered biomass 
by the generally accepted definition because they contain carbon that has been "out" of the 
carbon cycle for a very long time. Their combustion therefore disturbs the carbon dioxide 
content in the atmosphere.
3 In October 2005, accession negotiations are opened with Turkey, who has been an 
associate member of the EU since 1963 and an official candidate since 1999. For a more 
detailed discussion of EU-Turkey relations, see Erdogdu (2002).
4 For a more in depth discussion of nuclear energy in Turkey, see Erdogdu (2007c).
5 Turkey imports 96.9% of her natural gas consumption.
6 This estimate is based on the recoverable energy potential from the main agricultural 
residues, livestock farming wastes, forestry, wood processing residues and municipal wastes 
that given in the literature.
7 Before the Electricity Market Law, the price of energy was decided as a result of 
negotiations between the energy production companies and the state, which is the buyer. 
For more information on the subject, see Erdogdu (2005).
8 For a more detailed discussion of EU-Turkey relations, see Erdogdu (2002).
9 Almost 80% of the total production cost resides on the raw material cost in bioenergy 
production (Kondilia et al., 2007).
10 Energy forests seem to be the best solution, and it has been estimated that 5 million 
hectares of productive forest land is available to be used as energy forests in Turkey (Ediger 
et al., 1999).
11 The potential market instruments would not necessarily need to continue indefinitely. It 
may only be essential during periods of development and transition to obtain and maintain 
investor confidence.
12 Existing approaches are inefficient, uneconomical, and environmentally undesirable 
because they are essentially just open burning.
13 For more details on the subject, see Erdogdu (2007b).
Table 1. Renewable energy indicators
Renewable energy indicator
Existing capacity 
(end of 2004)
%
Power generation (GW, excluding large hydropower) 161,6 100
Small hydropower 61,0 37,7
Wind turbines 48,0 29,7
Biomass power 39,0 24,1
Geothermal power 8,9 5,5
Solar PV, off-grid 2,2 1,4
Solar PV, grid-connected 1,8 1,1
Solar thermal power 0,4 0,2
Ocean (tidal) power 0,3 0,2
Hot water/space heating (GWth) 325 100
Biomass heating 220 67,7
Solar collectors for hot water, Heating (glazed) 77 23,7
Geothermal direct heating 13 4,0
Geothermal heat pump 15 4,6
Households with solar hot water 40 million
Buildings with geothermal heat pumps 2 million
Transport fuels (billion lt/yr)
Ethanol production 31
Biodiesel production 2,2
Rural (off-grid) energy (million)
Household-scale biogas digesters 16
Small-scale biomass gasifiers NA
Household-scale solar PV systems 2
Solar cookers 1
Table 2. Selected indicators for Turkey (2004)
Indicator Value
Population (million) 71,158,647 (July 2007 est.)
Population growth rate 1.04% (2007 est.)
GDP (purchasing power parity) $640.4 billion (2006 est.)
GDP (official exchange rate) $361.1 billion (2006 est.)
GDP real growth rate 6.1% (2006 est.)
GDP per capita (PPP) $9,100 (2006 est.)
Electricity production 154.2 billion kWh (2005)
Electricity consumption 129 billion kWh (2005)
Electricity Consumption / 
Population (kWh/capita)
1766.00
CO2 Emissions
a (Mt of CO2) 209.45
a CO2 Emissions from fuel combustion only. Emissions are calculated 
using IEA's energy balances and the Revised 1996 IPCC Guidelines.
Table 3. Energy balances for Turkey (2004)
Supply and Consumption Coal Crude Oil
Petroleum 
Products
Gas Nuclear Hydro
Geothermal, 
Solar, etc.
Combustibles 
Renewables 
and Waste
Electricity Heat Totala
Production 10531 2224 0 566 0 3963 1271 5557 0 0 24111
Imports 11200 23748 10481 18117 0 0 0 0 40 0 63587
Exports 0 0 -5289 0 0 0 0 0 -98 0 -5387
International Marine Bunkersb 0 0 -1005 0 0 0 0 0 0 0 -1005
Stock Changes 648 -183 115 20 0 0 0 0 0 0 599
TPES 22379 25789 4302 18704 0 3963 1271 5557 -59 0 81905
Transfers 0 0 0 0 0 0 0 0 0 0 0
Statistical Differences -64 191 0 0 0 0 0 0 0 0 126
Electricity Plants -8701 0 -764 -7964 0 -3963 -85 -21 12436 0 -9063
CHP Plants -75 0 -1131 -3028 0 0 0 -5 524 450 -3265
Heat Plants -532 0 0 0 0 0 0 0 0 0 -532
Gas Works 0 0 0 0 0 0 0 0 0 0 0
Petroleum Refineries 0 -26065 26534 0 0 0 0 0 0 0 469
Coal Transformation -1910 0 0 0 0 0 0 0 0 0 -1910
Liquefaction Plants 0 0 0 0 0 0 0 0 0 0 0
Other Transformation 0 85 -85 0 0 0 0 0 0 0 0
Own Use -302 0 -1706 -100 0 0 0 0 -615 0 -2724
Distribution Losses -27 0 0 -19 0 0 0 0 -1999 0 -2045
TFC 10766 0 27150 7594 0 0 1186 5530 10287 450 62962
Industry sector 8361 0 4460 2178 0 0 121 0 4992 0 20112
Transport sector 0 0 13079 105 0 0 0 0 63 0 13246
Other sectors 2405 0 5858 4881 0 0 1065 5530 5233 450 25420
Residential 2405 0 2879 3640 0 0 1065 5530 2375 0 17894
Commercial and Public Services 0 0 0 1240 0 0 0 0 2522 0 3763
Agriculture / Forestry 0 0 2979 0 0 0 0 0 318 0 3297
Fishing 0 0 0 0 0 0 0 0 17 0 17
Non-Specified 0 0 0 0 0 0 0 0 0 450 450
Non-Energy Use 0 0 3754 430 0 0 0 0 0 0 4184
- of which 0 0 1406 430 0 0 0 0 0 0 1836
Petrochemical Feedstocks
(in thousand tonnes of oil equivalent (ktoe) on a net calorific value basis)
a Totals may not add up due to rounding.
b International marine bunkers are not subtracted out of the total primary energy supply for world totals.
Table 4. Installed capacity and electricity generation in Turkey (2005)
Fuel Type
Installed 
Capacity (MW)
%
Electricity 
Generation (GWh)
%
Natural Gas 14199 36.58 72700 44.74
Hydropower 12906 33.25 40800 25.11
Coal 9117 23.49 40700 25.05
Oil 2527 6.51 8000 4.92
Biomass 28 0.07 150 0.09
Geothermal 23 0.06 90 0.06
Wind 20 0.05 60 0.04
Total 38820 100 162500 100
Table 5. Present and planned biomass energy production in Turkey
Years
Total Biomass 
Production (ktoe)
2000 6982
2005 7260
2010 7414
2015 7320
2020 7520
2025 7810
2030 8205
Table 6. Production of bioenergy resources in Turkey
Crop/Animal Residue
Theoretic 
Production 
(tons/year)
Actual 
Production 
(tons/year)
Available 
residue manure 
(tons/year)
Crop residues
Wheat Straw 29,170,755 23,429,907 3,514,486
Barley Straw 9,992,948 8,963,012 1,344,452
Rye Straw 405,188 358,04 53,706
Oats Straw 419,678 321,236 48,185
Maize Stalk 5,911,902 4,970,259 2,982,155
Cob 596,592 1,907,307 1,144,384
Rice Straw 582,555 209,532 125,719
Husk 88,527 77,742 62,198
Tobacco Stalk 362,763 410,778 246,467
Cotton Stalk 6,317,181 2,520,281 1.512,17
Ginning 481,527 732,22 585,776
Sunflower Stalk 2,341,554 2,259,121 1,355,472
Groundnut Straw 127,054
Shell 27,621 28,638 22,91
Soybean Straw 60,468 21,872 13,123
Fruit and fruit tree residues
Apricots Shell 154,573
Tree pruning 1,328,846 86,964 69,571
Sour cherries Shell 39,916
Tree pruning 137,359 21,4 17,12
Olive Cake 673,484 829,816 746,834
Tree pruning 441,254 220,627
Pistachio Shell 14,007 4,202
Tree pruning 209,611 167,88
Walnut Shell 173,546 75,792 60,633
Tree pruning 50,48 25,24
Almond Shell 44,366 25,784 23,205
Tree pruning 13,076 28,5 22,8
Hazelnut Shell 698,499 566,437 453,15
Tree pruning 2,177,986 1,742,389
Tree pruning 236,852 88,465 70,772
Orange Tree pruning 3,424,439 237,686 190,148
Mandarin Tree pruning 981,97 1,093,430 82,744
Grapefruit Tree pruning 14,309 11,447
Animal wastes, available dry manure and biogas
Cow Waste 16,211,033 10,535,172 10,535,172
Sheep Waste 6,139,581 758,146 758,146
Poultry Waste 1,932,924 1,913,594 1,913,594
Figure 1. Bioenergy flow chart
